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Abstract 
Objective : According to previous reports, remote ischemic preconditioning (RIPC) is a 
“delay” procedure that is highly likely to be useful for preventing skin flap necrosis. 
Differences in the extent of necrosis in rat dorsal skin flaps when different clamping 
times were used in RIPC were compared among the four groups described below.  
Methods : Group A was a control group in which no prior ischemic area was created, 
and both back legs were devascularized for 15 minutes in Group B, 30 minutes in 
Group C, and 60 minutes in Group D. The experiments were performed on 10 rats in 
each group, and the surviving area was measured. One-way analysis of variance 
(ANOVA) and Tukey’s multiple comparison test were used for analysis, with p  0.05 
regarded as significant.  
Results : The surviving area of the skin flap was 15.4  1.8 cm2 in Group A, 15.4  2.0 
cm2 in Group B, 17.9  2.0 cm2 in Group C, and 19.2  3.4 cm2 in Group D, with 
significant differences between Groups A and D and between Groups B and D.  
Conclusions : RIPC consisting of 60 minutes of ischemic preconditioning may be 
clinically useful as a method of preventing skin flap necrosis. 
 Introduction 
In 1986, Murry et al.[1] reported that a prior brief episode of myocardial ischemia 
generated resistance to ischemia and reduced the size of myocardial infarction during a 
subsequent longer period of ischemia and termed this phenomenon “ischemic 
preconditioning” (IPC). They found that preconditioning with four repetitions of 5 
minutes of coronary artery occlusion followed by 5 minutes of reperfusion reduced the 
size of myocardial infarction caused by coronary artery occlusion to 25% of the size in a 
control group in canine experiments. 
Adenosine, protein kinase C, reactive oxygen species (ROS), nitric oxide (NO), and 
other substances are believed to be important mediators in the intracellular mechanism 
of IPC, as are adenosine triphosphate (ATP)-sensitive potassium channels and 
mitochondrial permeability transition pores as effectors [2,3]. However, the exact 
mechanism has yet to be identified. 
The organ-protecting effect of IPC has been shown to disappear 2 hours after ischemic 
preconditioning and then recover once again after more than 24 hours have elapsed [4], 
and this is known as late (or delayed) preconditioning. The phenomenon of ischemic 
postconditioning has also been reported, whereby imposing a brief period of myocardial 
ischemia during reperfusion following preconditioning with a longer period of 
myocardial ischemia reduces the size of myocardial infarctions [5]. 
Previous studies have reported the value of IPC for skin flaps. In 1992, Mounsey et al. 
[6] used latissimus dorsi musculocutaneous flaps in pigs to show that preconditioning 
with 30 minutes of occlusion of the vascular pedicle followed by 30 minutes of 
reperfusion increased blood flow to the musculocutaneous flap. In 2002, Kuntscher et al. 
[7] also found that preconditioning with 10 minutes of occlusion of the vascular pedicle 
followed by 30 minutes of reperfusion increased the surviving area of axial pattern skin 
flaps with the superficial epigastric artery of rats as the vascular pedicle. 
Przyklenk et al. [8] were the first to report that intermittent occlusion of the left 
circumflex branch resulted in a narrowing of the extent of infarction caused by 
occlusion of the left anterior descending branch. The phenomenon whereby 
preconditioning in one region results in the acquisition of resistance to ischemia by a 
different region that has not undergone preconditioning is known as remote ischemic 
preconditioning (RIPC). 
This phenomenon has also been observed to act to increase blood flow in organs such as 
the kidneys [9,10] and small intestine [11], as well as the heart, and this is one “delay” 
procedure that is highly likely to be useful for preventing skin flap necrosis in the field 
of plastic surgery.  
In clinical situations, random pattern flaps are frequently used today, and when a long 
flap has been created, there is always the possibility of skin flap necrosis as a 
postoperative complication. Therefore, if a long flap must be created, “delay” 
procedures are used to prevent skin flap necrosis, including surgical delay by means of 
two-stage surgery[12], pharmacological delay through the use of drugs[13-15], and 
supercharging, but as yet there is no safe, low-cost, simple method of delay that does 
not require two-stage surgery. 
Many articles have reported that RIPC increases blood flow, but no articles have 
examined the appropriate clamping time. The aim of the present study was to 
investigate differences in the surviving area of skin flaps when different clamping times 
were used in RIPC. 
 
Material and Methods 
Male, Wistar rats (around 8 weeks old, weight 190–310 g) were divided into four 
groups of 10 rats each, as follows, and experiments were performed. Group A was the 
control group in which no prior ischemic area was created, and both legs were 
devascularized for 15 minutes in Group B, 30 minutes in Group C, and 60 minutes in 
Group D. The number of 10 per group (40 in total) was chosen based on using the 
minimal number of animals needed from the perspective of animal protection, and 
achieving maximum unintentional extractability so that the experimental conditions 
became equal. In the experiment, they were placed under general anesthesia with 
isoflurane, and preconditioning was performed by relatively tightly binding both femurs 
with rubber bands to produce ischemia of the legs, with care taken not to devascularize 
any other area. Using rubber bands, both legs can be devascularized to create large, 
central devascularized areas. The ratio of the extremity to the trunk is small in rats 
compared with humans, so preconditioning was performed bilaterally, not unilaterally. 
Ten minutes were allowed for reperfusion before surgery was started. In the operation, a 
27 cm2 (pedicle 3 cm  9 cm) dorsal skin flap was elevated above the dartos fascia [16], 
after which the elevated skin flap was returned in place and skin sutures were inserted 
(Figure 1). This dorsal skin flap has three vascular territories, with choke vessels 
between territories. These choke vessels become the true anastomoses among the first 
and second territories with this flap. Thus, this flap is viable at the first and second 
territories, but nonviable at the third territory. 
The skin flap was photographed 7-8 days postoperatively, and the surviving area of skin 
flap was assessed by color. ImageJ software (National Institutes of Health, Bethesda, 
Md.) was used to analyze the surviving area of the skin flap on the photographs. 
In addition, in all groups, arteriography of the blood vessel was performed in several 
rats. A red lead (Pb3O4), gelatin, and water (1:2:10) mixture [17] (40 mL) was injected 
from the right common artery after the rats were sacrificed. After storage in a cold place 
because of diffusion to the peripheral artery of contrast media and gelatin hardening for 
24 hours, soft radiography (MAMMOMAT Inspiration, SIEMENS 23 kV, 0.17 sec) was 
performed 8-9 days postoperatively, and the lumbar artery was checked to determine 
whether there was a change in the apparent artery structure that entered the skin flap.  
One-way analysis of variance (ANOVA) was used to compare among the groups, and 
the groups were compared with each other using Tukey’s multiple comparison test. 
The results were assessed using 95% confidence intervals, and differences were 
considered significant when the p value was less than 0.05. 
Results 
The mean surviving areas of skin flap were 15.4  1.8 cm2 in Group A, 15.4  2.0 cm2 
in Group B, 17.9  2.0 cm2 in Group C, and 19.2  3.4 cm2 in Group D (Figure 2, Table 
1); one-way ANOVA showed a significant difference (p value 0.003). Tukey’s multiple 
comparison test found significant differences between Groups A and D and between 
Groups B and D (Figure 4). 
With the soft radiographic image, it was possible to confirm that the lumbar artery was 
in the skin flap, but there was no change in apparent artery structure (Figure 3). 
 
Discussion 
RIPC is a method for imparting resistance to ischemia in organs that have not 
themselves undergone preconditioning by performing preconditioning in an area 
supplied by different blood vessels. This can be regarded as a delay procedure and used 
for skin flaps. As far as we are aware, however, there has been no previous study of 
clamping time in RIPC for skin flaps. 
In the present experimental devascularization of both hind legs in rats, 15 minutes of 
ischemic preconditioning made absolutely no difference to dorsal skin flaps compared 
with the control group, and 30 minutes of ischemic preconditioning made no significant 
difference compared with the control group, but 60 minutes of ischemic preconditioning 
significantly increased the surviving area of skin flaps. It was thus shown that RIPC for 
60 minutes might increase the surviving area of random pattern skin flaps. 
In the experiment, the 15-min preclamping group did not appear to have a significant 
difference from the control group. However, with a rat epigastric adipocutaneous flap, 
Markus et al. [18] reported a 2.8-times enlarged surviving area of the skin flap with 
devascularization in the IPC by pedicle occlusion with preclamping of 10 minutes and 
reperfusion for 30 minutes, 2.75 times enlarged surviving area with RIPC by femoral 
artery devascularization, and 2.8-times enlarged surviving area in the tourniquet group. 
We cannot compare the results with different times of preclamping and reperfusion, but 
we think that RIPC might be easier for axial pattern flaps than random pattern flaps.  
In the experiment, there was no clear difference in arteriography among the groups. 
Though it was significantly different, RIPC was effective for microvascular expansion 
because there was no change in artery structure in the experiment, and the contrast 
medium might not have reached the expanding part. 
To the best of our knowledge, Restifo and Thomson[19] published the only preliminary 
report about the clinical use of flap IPC. They performed IPC for TRAM flaps in six 
patients. The reason for the rare clinical application of this technique is the markedly 
prolonged operation time, because clamping must be done to the pedicle at the flap 
evaluation. RIPC can be performed in a part unrelated to the flap evaluation, and RIPC 
can be used without extension of the operative time. 
RIPC is a low-cost, simple method. It could potentially be used to reduce complications 
in long random flaps for crush injuries. Although the present experimental results may 
not be readily applied directly to clinical practice, because human limbs are completely 
different from rat legs in terms of factors such as muscle mass, RIPC may potentially be 
useful as a method of preventing skin flap necrosis in clinical practice.  
Neuropathy, pulmonary embolism, elevated serum creatinine kinase, compartment 
syndrome, and rhabdomyolysis are among the reported severe complications of 
tourniquet devascularization. Sapega et al. [20] identified a significant increase in 
myofibrillar degenerative symptoms after 90 minutes of continuous tourniquet 
application. 
Due to the clinical risk entailed by prolonged continuous devascularization of 90 
minutes, if our method were to be used in clinical practice, it might be necessary to split 
the ischemia into several separate periods to avoid complications. We intend to carry out 
further studies on prolonged ischemia and the splitting of ischemic periods. 
 
Conclusion 
In this experiment, 60 minutes of ischemic preconditioning significantly increased the 
surviving area of skin flaps. In clinical use, it may be necessary to split clamping time 
into several periods to avoid complications. We intend to carry out further studies on 
prolonged ischemia and the splitting of ischemic periods. 
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